Abstract-Nowadays with the increases of the density of large scale integrated circuits, researches of Design for Test (DFT) become more and more important. JTAG (JTAG: Joint Test Action Group, also called Boundary Scan) has been widely used in test area, which improves the testability and reliability of mixed-signal circuits. This paper puts forward a scheme to design a test System based on boundary scan technology. The system is realized in an electronic control system, which is composed of mixed-signal circuits. With this method, several test experiments are carried out in the system, which include infrastructure integrity test, interconnect test, cluster test, AD/DA test and so on. The results of experiments show that the system based on JTAG can work normally, which is able to promote the testability of system efficaciously. In a word, the capability of DFT is viable and the system is a virtual tool in the process of DFT design and application.
INTRODUCTION
The most important design for traditional electronic products is realization of the function and test for them is taken into account later [1] . However, with the technical development of large scale integrated circuits, fault detection of high-complexity and high-integration mixed-signal circuits faces with more and more problems than before. Quite a few people think testing as a one of the six "Grand Challenges" for the semiconductor industry within the next 15 years [2] . As a result, researches of Design for Test (DFT) become more and more important. As one of the DFT technologies, Boundary Scan technology has been widely used in hardware testing and software debugging area, which improves the testability and reliability of mixed-signal circuits. Up to now, there are quite a few test devices and correlative software for JTAG designed by many companies such as Corelis, TI, ASSET, etc [3] [4] . Otherwise, internal research and application is still backward in comparison with overseas companies.
Boundary Scan technology is one of the most important testability techniques, which have been applied to not only modules and PCB, but also large-scale system. Recently, a great many of researches have been dedicated to the development of creating a trusted a trusted platform based on Boundary Scan. This paper puts forward a scheme to design a test platform based on boundary scan technology, which is realized in a weapon electronic control system.
In this paper, section 1 introduces the foreground and motivation of using Boundary Scan. Section 2 reviews common fault models that are applied for testing. Then on the basis of analyzing of the boundary scan test physical basis, test access port and test structure, correlative test signal standards and test instructions, the system is brought up. Moreover, this paper makes a further step to develop a test platform, which consists of hardware and software based on JTAG. In section 3, several test experiments are carried out with the DFT system, while on the basis of analyzing of the results, this paper concludes in section 4.
II. BOUNDARY SCAN TECHNOLOGY 1990, IEEE Std 1149.1 was published by Joint Test Action Group. Then there are several important modification and broadening for the standard including IEEE Std 1149.4, IEEE Std 1149.6 and IEEE Std 1149.7 [5] . Nowadays, it has become popular to provide chips with boundary scan cells and JTAG port, which make it possible that the boundary scan test controller read or write the I/O structures of chips. By this means, fault detection work effectively. Usually, the chips designed based on Boundary Scan technology has Test Access Port (TAP) which comprises 4 or 5 signals [6] . They are test clock input (TCK), test data input (TDI), test data output (TDO), test mode select (TMS), test reset input (TRST, optional). The TAP consists of 16 states and was changed by the level of TMS at the rising edge of TCK. Corresponding to IEEE 1149.1 standard, the boundary scan test instructions comprise EXTEST, IDCODE, BYPASS, SAMPLE_PRELOAD, etc.
III. DFT SYSTEM FOR MIXED-SIGNAL CIRCUITS BASED ON BOUNDARY SCAN
A. fault models
1) Logic models
There are three type fault models: logic models, physical models and functional models. Logic models are fault models on the logic level, which are conceivable but not generally applied. Typical electrical fault consists of parametric faults, isolation problem, contact problems, etc.
2) Physical models Physical models consist of intrinsic failures, electrical stress and extrinsic failures. The group of intrinsic failures subsumes all crystal related defects. Performance degradation is a long-term effect of intrinsic failures. Electrical stress is a continuous source of device defects over product lifetime. It is most often caused by improper handling. Extrinsic failures comprise all defects related to interconnection and packaging.
3) Functional models Several functional models are shown in Different fault models may have the same manifestation and some faults do not need specific consideration. Therefore, the faults to be taken into consideration are shown in Table 2 . 
B. DFT system platform
The design of DFT system platform based on JTAG consist hardware and software.
1) hardware design
The global structure chart of DFT system is illustrated in Fig.1 . Fig.1 The global structure chart of DFT SYSTEM platform As shown in Fig.1 , the DFT SYSTEM platform based on JTAG mainly consists of an ARM-based target board, a test controller and a PC computer. The soft platform module is mainly designed on the PC computer module including JTAG test algorithm and fault display module. The test controller consists of an AVR chip, JTAG controller and others. The target board is designed for test (DFT) based on a weapon electronic control system, which is composed of mixed-signal circuits including ARM, AVR, etc. It concludes Boundary scan Chain and fault injection circuits. In the test platform, the serial Boundary scan Chain is applied in order to reduce the complexity and improve the reliability. However, there are few problems in common serial Boundary scan Chain. For instance, it is difficult to find the location of fault exactly. The enhanced serial Boundary scan Chain solves the major problems, which is illustrated in Fig.2 . 
2) software design
It is very important to choose the best test algorithm and designing a suitable controlling program design for JTAG test. As a result of the high fault coverage rate and nice testability, Walk "1" algorithm is selected. The flow chart of controlling program design is illustrated in Fig.3 . The order of writing or reading JTAG controller register by MCU is key of point. In short, the DFT system platform reads net list files and BSDL (Boundary Scan Description Language) of the mixed-signal circuits, analyzes the structures of them and generates the test patterns for experiments. The test patterns are described as SVF (Serial Vector Format) according to the international industry standard and generated based on Walk "1" algorithm. Then several fault injection experiments are carried out in the DFT system platform, which includes integrity test, interconnect test, cluster test and so on. The results are analyzed to test and verify the availability of the DFT system platform.
IV. RESULTS
The results of fault injection experiments are illustrated in table 4. 
V. CONCLUSIONS
The results of experiments indicate that the DFT system based on JTAG can work normally, which is able to detect stuck-at faults, open faults and bridging faults on board, and additionally can reduce effectively the complexity of test．In a word, the capability of DFT system is viable and the system is a virtual tool in the process of DFT design and application. However, the experiments are not exact and adequate entirely, more experiments will be carried out and better DFT system platform (including hardware and software) will be designed in the future.
